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Abstract In the present investigation, the imperative role
of agro-industrial biomass for improved xylanase produc-
tion was evaluated using isolated fungal strain. This isolate
was identified as Aspergillus fumigatus RSP-8 (MTCC
12039) based on morphological and 18S rRNA ribotyping
and the organism was deposited in MTCC, IMTECH
Chandigarh with accession number 12039. The isolated
fungal strain is mesophilic in nature and produced max-
imum xylanase at 30 C, at pH 7 and agitation speed of
150 rpm. Xylanase complex production titers differed with
the nature and complexity of carbon source and other
physiological growth parameters including aeration,
growth temperature, physiological medium pH, initial
inoculum levels, etc. Highest xylanase titers (73 U/mL)
noticed with hemicellulose isolated from sorghum straw
and least with ground nut cake as carbon source among
tested agro materials such as rice bran, green gram husk,
sorghum straw, groundnut cake and wheat bran. A varia-
tion of three fold enzyme titers was observed with different
tested carbon sources. Supplementation of glucose as car-
bon source did not produce any xylanase with this fungal
strain revealing the xylanase in this isolate is induced by
the carbon source. Variation of hemicellulose concentra-
tion as carbon source during the fermentation altered the
production xylanase titers. The study suggested that, in
xylanase production by A. fumigatus RSP-8, one of the
major limiting factors is substrate chemical complexity.
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Introduction
Commercial importance of agro industrial/photosynthetic
biomass may be multiplied by the sequential conversion of
the cell wall polymers to monomeric sugars initially, fol-
lowed by further translation as value added compounds
through fermentation process or catalyzing enzymatically
(Prakasham et al. 2014). With the present technological de-
velopments, the first process is the rate limiting step due to
complex and xenobiotic nature of biomass. Among different
polymeric components of biomass such as cellulose (only
glucose polymer), hemicellulose (unlike cellulose, this is
heteropolymer with arabinose, glucose, xylose, etc. linked
with alpha or beta 1–4 or 1–6 linkages making it more
complex for saccharification) and lignin (aromatic alcohol or
monolignol polymer), hemicellulose is a higher complex
polymer compared to cellulose. Hence, the enzymatic hy-
drolysis of hemicellulose, the second most abundant natural
polysaccharide available on earth, is one of the most im-
portant factors for economizing the biomass to biofuel pro-
gram. The diversity in the chemical structure of
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hemicelluloses from the cell walls of wood, cereal and other
plant materials is one of the factors for existence of a large
variety of xylanases with diverse catalytic activities, physi-
cochemical properties and structures (Beg et al. 2001; Chi-
ranjeevi et al. 2013).
Sorghum is considered as one of the important energy
crops due to higher biomass productivity and carbohydrate
contents over others. Sorghum straw or bagasse is an ex-
cellent source for hemicelluloses in addition to the com-
mercial value of sucrose rich juice, which could serve as
substrate for ethanol production (Yuvraj et al. 2013) and
other biofuels including biohydrogen (Darmarapu et al.
2013; Prakasham et al. 2014). Xylan constitutes the major
portion (70–80 %) of hemicellulose. Commercial impor-
tance of hemicellulose could be possible when it is con-
verted to simple monomers either chemically or
enzymatically or in combination of both. Xylanase play
significant role in enzymatic delinking of hemicellulosic
polymer to xylose monomers (Laxmi et al. 2012). Xy-
lanases from diverse microbial sources are exploited for
efficient deconstruction of xylan to xylose, xylobiose and
other xylooligosaccharides (Wong et al. 1988; Laxmi et al.
2012). Xylanases also have wide application potential in
production of oligosaccharides (Laxmi et al. 2008).
Another approach of deconstruction of hemicellulose is
application of harsh physical and chemical processes where
lignocellulosic biomass results in degradation of valuable
xylooligosaccharides and xylose into furfurals (Kumar and
Wyman 2008; Prakasham et al. 2014) in addition to re-
leasing toxic waste chemicals into environment, thus em-
phasizing the necessity to employ enzymatic treatments.
In biotechnological point of view, xylanases and xylanase
producing microorganisms have potential applications in the
management of waste, to degrade xylan to renewable fuels and
chemicals, in addition to their use in food, agro-fiber, and paper
and pulp industrial sectors (Haltrich et al. 1996; Bhatia et al.
2012; Kundu et al. 2012; Laxmi et al. 2012; Driss et al. 2013)
mainly to reduce their environmental impact (Laxmi et al.
2008). In addition to xylooligosaccharides produced by the
catalytic action, xylanases are of considerable importance in
production of functional food additives or alternative sweet-
eners with beneficial properties (Laxmi et al. 2012). Since, no
individual xylanase is capable of meeting all the requirements
of feed and food industries, more attention has been focused on
the xylanase stability under different processing conditions
such as pH, temperature and inhibitory ions, in addition to their
ability to hydrolyze soluble and insoluble xylan denoting re-
quirement of research efforts for isolation of effective xylanase
complex producing microbes (Harris and Ramalingam 2010;
Laxmi et al. 2012; Motta et al. 2013).
Filamentous fungi are the major producers of biomass
degrading enzymes such as cellulases and hemicellulases in
industry. These filamentous fungi are of special interest as
they secrete these enzymes in large quantities into the
medium and xylanase titers are much higher than those
found in yeast and bacteria (Haltrich et al. 1996). Xylanase
complex differs with genetic nature of microbe either bac-
teria or fungi and known to be regulated by the physio-
logical (pH, temperature, incubation time, initial inoculum
size, aeration and agitation), nutritional (carbon and nitrogen
sources and metal ion requirement), and genetic nature of
the microbes (Kundu et al. 2012; Prakasham et al. 2005,
2006, 2007; Maheswari and Chandra 2000; Bakir et al.
2001; Rao et al. 2008). This suggests the imperative role of
substrate specificity of enzyme complex which in turn plays
a significant role in economics of saccharification process.
Hence, in the present study xylanase complex production by
fungal isolate Aspergillus fumigatus RSP-8 (MTCC 12039)
was evaluated and reported that use of extracted hemicel-
lulose influenced the xylanase production titers and played
important role in overall process.
Materials and Methods
Isolation and Screening of Fungi for Xylanolytic
Activity
The isolationofxylanolytic fungiwascarriedoutusingxylanagar
medium (XA) containing Birchwood xylan (Himedia) as sole
carbon source. Exotic soil samples were collected from poultry
manure dump from local poultry farm near Nacharam, Hyder-
abad, and were used as source of fungi. One gram of soil sample
was suspended in 10 mL of sterile distilled water. This suspen-
sionwasseriallydilutedup to10-4.Fromthis,0.1 mLwasspread
onxylan agarmediumplates. Bacitracin (0.1 mg/mL)was added
to inhibit bacterial growth. Plates were incubated at room tem-
perature for 7 days. Fungal colonies showing xylanolytic activity
were identifiedbystainingwith0.1 %w/vCongo red solution for
20 min followed by distaining with 1 M NaCl (Teather and
WOOD 1982). Positive isolates were detected based on clear
hydrolytic zones around fungal colonies.
Morphological Identification
Identification of isolated fungal strain was performed by
comparing the morphological and the reproductive char-
acteristics of the fungal strain such as color, size, texture,
and reproductive structures according to Watanabe (2002).
Identification of Fungi Using 18S rRNA Gene Analysis
For 18S rRNA gene, fungal spores were cultured on potato
dextrose agar medium (Himedia, India). The plates were
incubated at 30 C for 3 days. The fungal mycelium
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developed on agar plates was used for isolation of DNA
using Fungal DNA isolation Kit (Xcelgen).
PCR Amplification of 18S rRNA Gene
PCR amplification of 18S rRNA gene was carried out using
18S universal primer sequences; 1F (CTGGTGCCAG-
CAGCCGCGGCAA) and 4R (CGGAGGGCATTACA-
GACCTGTTAT). PCR amplification was performed in a
25 lL reaction mixture containing 1.00 lL of each forward
(1F) and reverse (4R) primers (10 pmol/lL), 12.50 lL of
PCR master mix (MBI Fermentas), 3.0 lL of diluted DNA
(30 ng/lL) and 7.50 lL of DNase-RNase free water. The
reaction conditions used for the same as follows: initial
denaturation at 95 C for 2 min, followed by 30 amplifi-
cation cycles of denaturation at 94 C for 30 s, annealing at
50 C for 30 s and primer extension at 72 C for 90 s; and
a final extension at 72 C for 10 min. PCR was carried out
in a final reaction volume of 25 lL in 200 lL capacity thin
wall PCR tube in Eppendorf Thermal Cycler. Amplified
PCR product was purified using Xcelgen Gel extraction kit.
The purified DNA was subjected to automated DNA se-
quencing on ABI 3730xl Genetic Analyzer (Applied
Biosystems, USA). Sequencing was carried out using
BigDye Terminator v3.1 The reaction was carried out in a
final reaction volume of 20 lL using 200 lL capacity thin
wall PCR tube. After cycling, the extension products were
purified and mixed well in 10 lL of Hi-Di formamide. The
contents were mixed on shaker for 30 min at 3009 g.
Eluted PCR products were placed in as ample plate and
covered with the septa. Sample plate was heated at 95 C
for 5 min, snap chilled and loaded into auto sampler of the
instrument. Electrophoresis and data analysis was carried
out on the ABI 3730xl Genetic Analyzer using appropriate
Module, Basecaller, Dyeset/Primer and Matrix files.
Sequence Analysis
For identification of the strain, the obtained PCR amplicon
of 18S rRNA gene sequence was compared to the existing
sequences in the National Center for Biotechnology and
Information (NCBI) GenBank library, using the alignment
tool BLAST (http://blast.ncbi.nlm.nih.gov/Blast.cgi). The
sequence data was deposited in the Gene database of DNA
Data Bank of Japan (http://www.ddbj.nig.ac.jp/index-
e.htmL).
Hemicellulose Quantification
One gram of selected biomass material was initially treated
with 16.4 g of 72 % H2SO4 and incubated for 1 h at 30 C
with intermittent stirring. To this 280 mL of water was
added to bring down to the acid concentration to 4 %.
These reactants were subjected 121 C for 1 h. The sam-
ples were filtered using G1 grade crucibles and filtrate pH
was adjusted to pH 5 using lime. The content of hemicel-
lulose in the biomass was calculated based on xylose,
acetic acid and arabinose content present in the filtrate
according NREL (Sluiter et al. 2012).
Extraction of Hemicellulose from Sorghum Biomass
Sorghum straw was procured from International Crops
Research Institute for the Semi-Arid Tropics, Patancheru,
Hyderabad, India. Hemicellulose was extracted from sor-
ghum straw by modified alkaline extraction method (Dal-
ton et al. 2010) and was used as substrate for production of
xylanase under submerged fermentation conditions.
Xylanase Production Under Submerged Fermentation
Condition
Xylanase production fermentation experiments were per-
formed in 250 mL conical flasks containing 100 mL of
modified Czapek’s medium (CDM) having the following
composition (per liter): 1 g KH2PO4, 2 g NaNO3, 0.5 g
KCl, 0.5 g yeast extract, 0.5 g peptone, 0.5 g
MgSO4.7H2O, 0.01 g FeSO4, 0.001 g ZnSO4, 0.0005 g
CuSO4 and 1 g Hemicellulose extracted from sorghum
biomass, as carbon source unless otherwise mentioned. The
flasks were inoculated with 1 mL of spore suspension
(1 9 107 spores/mL) and incubated at 30 C in rotary
shaker (LabTech) adjusted to 150 rpm. Production condi-
tions are optimized by varying inoculum concentration
(0.5–2.0 %); incubation temperature (26–34 C); aeration
levels (25, 50, 75, 100 and 125 mL medium in 250 mL
conical flask); agitation speed (120–180 rpm); substrate
concentration (0.5–3 %); initial medium pH of 5.0–9.0.
The effect of different substrates (rice bran, wheat bran,
green gram husk, groundnut cake) on xylanase production
was studied. The cell free fermentation broth was prepared
by filtering the broth with whatman 50 micron filter paper
and filtrate was used as enzyme source. Results reported in
this study were averages of duplicate samples.
Measurement of Xylanase Activity
Xylanase activity was determined using modified Bailey
method (Bailey et al. 1992). In this, 0.1 mL of the enzyme
solution was added to 1.9 mL xylan solution (1 % w/v).
Xylan solution was prepared by dissolving Birchwood
xylan (Himedia) in 50 mM sodium acetate buffer (pH 5.0)
and incubated at 50 C for 20 min. The reaction was ter-
minated by adding 2 mL of DNS reagent and the contents
were boiled for 5 min and volume is made up to 10 mL
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with distilled water. The absorbance of final solution was
read at 540 nm using UV–Visible spectrophotometer
(Xplorer, XP 2001) and xylanase activity was measured in
terms of International units (U) using xylose standard
curve. One unit of xylanase activity was defined as 1 lmol
of xylose equivalents released min-1 mL-1 of enzyme.
Optimization of Production Medium for Xylanase
Production Using Plackett–Burman Design
Plackett-Burman design was employed to optimize xy-
lanase production by varying the concentrations of medium
components of modified Czapek’s medium. The seven
components studied were KH2PO4, NaNO3, KCl, yeast
extract, peptone, MgSO47H2O and hemicellulose
(Table 1). A total 13 experiments were carried out with 12
main batches and 1 central point’s batch. Each variable was
tested at two levels, high and low. High level corresponds
to the increase and low level corresponds to the decrease of
concentration of each medium component by 50 % of
initial medium. The impact of each variable on xylanase
activity was estimated based on comparison of the differ-
ence in the mean between the high level (?) and the low
level (-). The central point’s batch contained the un-
modified medium composition as control. The resulting
data was analyzed using Minitab statistical software.
Results and Discussion
Isolation and Identification of Xylanolytic Fungi
Using selective xylan agar medium several fungal colonies
showing clear hydrolytic zones upon staining with 0.01 %
w/v Congo red solution were selected, after 5 days of in-
cubation. Out of 15 fungal colonies, one of the isolates with
most prominent growth and hydrolytic activity was desig-
nated as RSP-8 and selected for further study. Growth and
colony morphology of the fungi RSP-8 on Czapek’s agar
revealed white mycelial growth towards periphery with
central green region bearing conidiophores (Fig. 1). Based
on microscopic observation of conidia shape and orna-
mentation, phialide shape and branching pattern (data not
shown) the fungal isolate RSP-8 was identified as Asper-
gillus species. Similar results were reported for A. fumi-
gatus (Suhaib et al. 2012). On the basis of 18S rRNA gene
similarity search using the tool BLASTn (http://blast.ncbi.
nlm.nih.gov/Blast.cgi), the xylanolytic fungal isolate RSP-
8 showed 97 % identity with Aspergillus fumigatus strain
TMS-26. Partial sequence of 18S rRNA gene the fungal
isolate Aspergillus fumigatus RSP-8 was submitted to the
Gene database of DNA Data Bank of Japan (DDBJ) with
accession number AB938216 and the organism was de-
posited in MTCC, IMTECH Chandigarh, with accession
number MTCC 12039.
Effect of Different Carbon Sources on Xylanase
Production
Biotechnological potential of agro industrial waste as car-
bon source for production of any industrial product through
fermentation is mainly associated with availability of ef-
ficient biomass deconstructing bio catalytic component
(Prakasham et al. 2014). Several microbial sources are
characterized in this context. However, research data re-
vealed that substrate specific cellulose and hemicellulose
deconstructing enzyme complexes and the components of
the enzyme consortia differ in terms of their ratios and
genetic nature of microbe employed (Laxmi et al. 2012).
This is the main factor for the thriving of many novel
microbial strains from various natural sources worldwide.
In most of the xylanase producing microbial strains,
hemicelluloses or its derivatives are frequently used to










KH2PO4 10 15 5
NaNO3 20 30 10
KCl 5 7.5 2.5
Yeast extract 5 7.5 2.5
Peptone 5 7.5 2.5
MgSO47H2O 5 7.5 2.5
Hemi cellulose 10 15 5
Fig. 1 Colony morphology of Aspergillus fumigatus RSP-8 (MTCC
12039) on czapekdox agar
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induce the production of xylanase (Laxmi et al. 2008). To
meet the demands of industrial application of xylanases,
one needs to use cheaper substrate material as source of
nutrient. With this aim, different agricultural biomass
materials (rice bran, green gram husk, wheat bran, ground
nut cake individually at 0.1 % w/v concentration under
submerged fermentation conditions) were evaluated as
substrates for xylanase production by fungal isolate
Aspergillus fumigatus RSP-8.
Xylanase production was influenced by the type of
substrate as per the data shown in (Fig. 2). Hemicellulose
showed maximum influence on xylanase production yield
of 59.57 U/mL, where as yield was observed to be least
(8.57 U/mL) with groundnut cake as substrate. The sub-
strate mediated variation in xylanase synthesis by this
fungal strain could be interpreted in terms of catabolite
repression described for other enzymes (Kermnicky´ and
Biely 1998). In addition, the xylanase enzyme production
yield depends on the composition of substrate such as
cellulose, and hemicellulose concentration as noticed dif-
ferent agro industrial wastes like palm fiber, wheat bran,
and rice bran were serves as low cost substrates and
sources for xylanase production (Laxmi et al. 2008; Puls
and Schuseil 1993).
The observed variation in xylanase titer values in ground
nut supplemented conditions may be attributed to avail-
ability of lower quantity of hemicellulose compared to
other agro materials used (Fig. 2). While three fold higher
titers in hemicellulose supplemented fermentation may be
associated with availability of more substrate suggesting
the limiting factor for production of xylanase complex by
this isolate is presence of lower substrate concentration.
However, absence of xylanase production in presence of
glucose as carbon source (results not shown) depicts the
catabolite repression refers to the repression of enzyme
synthesis by glucose or other easily metabolized sugars.
Similar trend is also noticed in most fungi where the ad-
dition of other carbon sources to the substrate promoted a
repressive effect on xylanolytic enzyme production (Laxmi
et al. 2008).
Effect of incubation temperature on xylanase
production
The fermentation temperature is another critical parameter
to the production of xylanase and different stages of fer-
mentation may require different temperatures to maximize
the productivity of xylanase (Yuan et al. 2005). Elevation
of expression levels and the efficient secretion of xylanases
are crucial to ensure the viability of the process which is
influenced by various fermentation factors including incu-
bation temperature (Yuan et al. 2005). The authors reported
that the fermentation time and maximum xylanase activity
decreased with increasing the temperature. In steady-state
condition the optimum temperature was 28 C and 92 h
were required to obtain the maximum xylanase activity.
The unsteady-state operation by shifting the temperature
from 33 C for biomass growth to 27 C for xylanase
production significantly reduced production time without
any adverse effect on xylanase activity. To understand the
impact of incubation temperature on xylanase production
by isolated fungal strain Aspergillus fumigatus RSP-8, the
fermentation was carried out at incubation temperatures
from 26 to 34 C. Maximum production yield (74 U/mL)
was observed during incubation at 30 C as shown in
(Fig. 3). This may be attributed to the mesophilic nature of
the fungal strain. Similar activities were reported for xy-
lanase production with A. niger with optimum incubation
temperature around 30 C (Wejse et al. 2005; Laxmi et al.
2008).
Effect of Varying Inoculum Volume on Xylanase
Production
Initial biomass concentration (inoculum) play important
role in over all metabolism of the microbe and subsequent
production of growth or metabolism linked product. This is
because higher inoculum causes imbalance in the nutrient
availability hence growth and associated product produc-


















































Fig. 3 Effect of incubation temperature on xylanase production
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may be responsible for catabolite repressions of some of
metabolic pathways leading to variation in overall pro-
duction. To study the influence of inoculum volume on
xylanase production, different volumes of inoculum con-
taining 1 9 107 spores/mL is added to the production
medium. Increase in inoculum size resulted in increase in
xylanase production up to 1 % (v/v), where as further in-
crease resulted in reduction of productivity up to 2 % (v/v)
as shown in Fig. 4. The data is in accordance with reports
on effect of spore concentration on productivity in sub-
merged fungal cultivations, where it was observed that it
must be high enough to colonize substrate particles (Sikyta
1983) but higher than optimal inoculum levels resulted in
decreased xylanase productivity (Kuhad et al. 1998).
Effect of Agitation speed (rpm) and Aeration
on Xylanase Production
Agitation under submerged fermentation facilitates effec-
tive distribution of spores and nutrients in the fermentation.
While primary objective of aeration supply of electron
acceptors is to proceed the metabolic reactions towards
aerobic fermentation process and influence growth pattern
of any microbial strain. Evaluation of agitation (rpm) v/s
xylanase production by this isolated fungal strain indicated
that xylanase production varied with rpm during fermen-
tation. Maximum enzyme production yield (77 U/mL) was
achieved with culture incubated at 150 rpm and variation
of 30 rpm in either sides of this resulted in reduction of
xylanase productivity (Fig. 5).
Aeration affects the growth and production yield during
submerged fermentation due to the effective surface area
available for diffusion of gases. In addition, it also helps in
maintenance of a critical function in heat and moisture
transfer between the solids and the gas phase. However,
excessive aeration can produce shear stress resulting in
change of the filamentous fungus morphology which is a
harmful effect in fungal fermentation (Shojaosadati and
Babaeipour 2002). At commercial level, balanced aeration
and agitation economizes the process especially in reduc-
tion of the possibility of employing the maximum volume
of bioreactors, irrespective of their design without com-
promise on product yield. Thus, optimization of agitation
and aeration is essentially required to achieve the growth of
the microorganism and the production of primary and
secondary metabolites. The study in this context revealed
that maximum xylanase activity was observed when 50 mL
production medium was incubated in 250 mL conical flask.
As per the shown data in Fig. 6, 20 % decrease in enzyme
activity was observed with increase in fermentation medi-
um from 50 to 75 mL in 250 mL flask which corresponds
to the decrease is surface area. Further increase in the
volume of medium resulted in slight decrease in enzyme
activity from 75 to 150 mL.
Effect of Initial Medium pH on Xylanase Production
Microbial metabolism is highly sensitive to pH of medium
and is regulated by variations of initial medium pH. Fer-
mentation and metabolism mediated variations in pH,
temperature, osmolarity, and electron donor availability
can alter the trans-membrane pH gradient, total proton
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Volume of medium in 250 ml ﬂask
Fig. 6 Effect of aeration on xylanase production
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(Repaske and Adler 1981; Srinivasan and Radhakrishnan
2010) leading to variations in growth and productivity
yields. Hence, to maintain energy homeostasis, microbial
cells have to actively regulate the internal pH by secreting
or consuming protons. Generally, in such environment,
medium can act as a source/sink for protons depending on
the substrates that are present. To understand the same
effect of pH on xylanase productivity, initial medium pH
was adjusted to 5, 6, 7, 8 and 9 and enzyme titers are
evaluated. Xylanase activity improved with increase in pH
and maximum activity (*70 U/mL) was observed around
pH 7 (Fig. 7). Further increase in initial medium pH up to 9
resulted in 16 % decrease in xylanase productivity. One of
the factors for this reduction of xylanase complex pro-
duction may be associated with pH mediated increase in
hydrolysis of hemicelluloses as alkalinity is known to en-
hance the availability of cross-linked insoluble xylan to
endo xylanases by increasing solubility of hemicellulose
(Wejse et al. 2005) or pH mediated changes in microbial
metabolism (Srinivasan and Radhakrishnan 2010).
Effect of Substrate Concentration (Hemicellulose %)
on Xylanase Production
During microbial metabolism associated enzyme produc-
tion, especially with reference to extracellular enzymes, the
substrate plays a key role in improved productivity.
Similarly xylanase enzyme complex production by various
microbial strains is growth associated and extracellular in
nature. This is mainly because xylan, a major component of
hemicelluloses, and a substrate for xylanolytic enzyme
complex are major nutrient source for microbial growth
and metabolism. Being a high molecular mass polymer,
xylan needs xylanolytic enzyme complex for its decon-
struction before it is used as carbon source for microbial
growth. The deconstructed low molecular mass fragments
of xylan (xylose, xylobiose, xylooligosaccharides, and
hetero-disaccharides of xylose and glucose and their posi-
tional isomers) liberated from xylan through the action of
small amounts of constitutively produced enzymes play a
key role in the regulation of xylanase biosynthesis ( Laxmi
et al. 2008).
Microbial production of xylanolytic enzyme complex is
also regulated by xylose availability in the fermentation
medium. Higher availability of xylose negatively regulates
b-xylosidase activity by feedback inhibition. Xylanase,
especially endo xylanase catalyzes the random hydrolysis
of xylan to xylooligosaccharides, while b-xylosidase fur-
ther acts on these end products of endo xylanase activity
resulting in release of xylose residues from the non-re-
ducing ends of xylooligosaccharides. However, complete
degradation of xylan requires the synergistic action of other
components of xylanolytic enzyme complex like acetyl
xylan esterase, to remove the acetyl substituents from the
b-1, 4-linked D-xylose backbone of xylan (Motta et al.
2013). Hence, it is essential to understand the requirement
of substrate concentration in the fermentation medium in
order to improve the xylanolytic enzyme complex pro-
ductivity. In the present study, xylanase production was
increased with increase in concentration of hemicellulose
from 0.5 to 3 % w/v, while maximum xylanase yield was
obtained with 2 % w/v of hemicellulose. Similar results
were reported for xylanase production by Streptomyces
cyaneus SN32 using corn cob as substrate (Ninawe and
Kuhad 2005). The observed reduction of xylanase yields
with the hemicellulose concentration beyond 2 % may be
attributed to interaction of xylanase enzyme end product,
xylose at the genetic repression control or this could be due
to formation of a thick suspension and improper mixing of
the substrates in shake flasks as suggested (Singh et al.
1991).
Analysis of xylanase titers observed in this study by
fungal isolate Aspergillus fumigatus RSP-8 with extracted
hemicellulose (Fig. 8) and other agro materials (Fig. 2) as
substrate sources further suggested availability of proper
substrate material is one of the major limiting factors for
improved xylanase production. This could be exemplified
by the observation that none of the used agro materials
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Sorghum hemicellulose concentraon %(w/v)
Fig. 8 Effect of varying substrate concentration on xylanase
production
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hemicelluloses as substrate material. A variation of more
than 2.5 fold was observed (Fig. 2). The above may be also
evidenced by data noticed with substrate v/s xylanase en-
zyme production data shown in (Fig. 8) where the enzyme
titer was 500 fold in 2 % hemicellulose supplemented en-
vironment compared to agro material as substrate (Fig. 8).
This further confirms that the heterogeneity and complexity
of xylan play significant role, as the xylosidic linkages in
lignocelluloses are neither equivalent nor equally accessi-
ble. The production of an enzymatic system with special-
ized functions is a strategy to achieve superior xylan
hydrolysis (Wong et al. 1988). In addition to heterogeneous
nature of xylan, the multiplicity of xylanases in microor-
ganisms may be caused by a redundancy in gene expres-
sion resulting in a diverse range of xylanases, which differ
in their physicochemical properties, structure, and mode of
action and substrate specificities as reported (Collins et al.
2005). Generally, a single xylanase gene encodes multiple
xylanases, and xylanase multiplicity may arise from post
translational modifications, such as differential glycosyla-
tion, proteolysis or both (Puls and Schuseil 1993) again
regulated by substrate source concentration and its avail-
ability (Juturu and Wu 2012).
Analysis of PBD Results Using Minitab Statistical
Software
Pareto chart of the effects in Minitab software was used to
compare the relative significance of variation of medium
components effecting the xylanase production. Minitab
software plots the effects (xylanase production values in
the present study) in decreasing order of the absolute value
of the effects (medium components). The reference line
(2.776) drawn on the chart with level of significance
a = 0.05, indicates which effects are significant. Analysis
of Pareto chart revealed that varying hemicellulose con-
centration showed significant effect (8.04646) on xylanase
production where as other medium components were found
to be less significant (Fig. 9). Of all components tested,
varying the concentration of peptone was least effective on
xylanase production (0.088266).
Conclusion
Overall, large scale expression of microbial xylanases is
associated with genetic nature and nutritional requirement
of microbial strain employed. Our study on the isolated
fungal strain, Aspergillus fumigatus RSP-8 (MTCC 12039)
further emphasizes that the use of isolated hemicellulose
(in the present study it is isolated from sorghum biomass)
rather than complexes with other polymers such as cellu-
lose and lignin is detrimental for improved productivity of
xylanase complex. By understanding critical fermentation
parameters such as (pH, temperature, inoculum level, type
of substrate) and their concentrations would help in driving
laboratory findings to applications at industrial sector.
However, one needs to evaluate the process conditions at
basic level with respect to high specificity, mild reaction
conditions, and negligible substrate loss and side product
generation during hemicellulose hydrolysis with respect to
xylanase catalytic role.
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Fig. 9 Analysis of Placket–
Burman design results using
Minitab 16
36 Sugar Tech (Jan-Feb 2016) 18(1):29–38
123
References
Bailey, M.J., P. Biely, and K. Poutanen. 1992. Laboratory testing of
methods for assay of xylanase activity. Journal of Biotechnology
23: 257–270.
Bakir, U., S. Yavascaoglu, F. Guvenc, and A. Ersayin. 2001. An
endo-1,4-xylanase from Rhizopus oryzae: Production, partial
purification and biochemical characterization. Enzyme and
Microbial Technology 29: 328–334.
Beg, Q.K., M. Kapoor, L. Mahajan, and G.S. Hoondal. 2001.
Microbial xylanases and their industrial applications: A review.
Applied Microbiology and Biotechnology 56: 326–338.
Bhatia, L., S. Johri, and R. Ahmad. 2012. An economic and
ecological perspective of ethanol production from renewable
agro waste: a review. AMB Express 2: 65.
Chiranjeevi, T., G. Baby Rani, K. Radhika, R.S. Prakasham, and A.
Uma. 2013. The effect of assorted pretreatments on cellulose of
selected vegetable waste and enzymatic hydrolysis. Biomass and
Bioenergy 49: 205–213.
Collins, T., C. Gerday, and G. Feller. 2005. Xylanases, xylanase
families and extremophilic xylanases. FEMS Microbiology
Reviews 29: 3–2310.
Dalton, L.J., L.C. Jorge, and J.G. Vale´ria. 2010. Extraction of wood
Hemicellulose through NaOH leaching. Cerne 16: 423–429.
Darmarapu,N.,R.S. Prakasham,A.V.Umakanth, A.Uma, andP.S. Rao.
2013. Sweet sorghum juice as an alternate substrate for fermen-
tative hydrogen production: Evaluation of influencing parameters
using DOE statistical approach. Sugar Tech 15(3): 338–344.
Driss, D., F. Bhiri, M. Siela, S. Bessess, S. Chaabouni, and R.
Ghorbel. 2013. Improvement of breadmaking quality by xy-
lanase GH11 from Enicillium Occitanis Pol6. Journal of Texture
Studies 44: 75–84.
Haltrich, D., B. Nidetzky, K.D. Kulbe, W. Steiner, and S. Zupaneie.
1996. Production of fungal xylanases. Bioresource Technology
58: 137–161.
Harris, A.D., and C. Ramalingam. 2010. Xylanases and its application
in food industry: A review. Journal of Experimental Sciences
1(7): 1.
Juturu, V., and J.C. Wu. 2012. Microbial xylanases: Engineering,
production and industrial applications. Biotechnology Advances
30: 1219–1227.
Kermnicky´, L., and P. Biely. 1998. Disaccharides permeases:
constituents of xylanolytic and mannanolytic systems of Aure-
obasidium pullulans. Biochimica et Biophysica Acta 1425: 560–
566.
Kuhad, R.C., M. Manchanda, and A. Singh. 1998. Optimization of
xylanase production by a hyperxylanolitic mutant strain of
Fusarium oxysporum. Process Biochemistry 33: 641–647.
Kumar, R., and C.E. Wyman. 2008. The impact of dilute sulfuric acid
on the selectivity of xylooligomer depolymerization to mono-
mers. Carbohydrate Research 343(2): 290–300.
Kundu, A., M. Karmakar, and R.R. Ray. 2012. Simultaneous
production of animal feed enzymes (endoxylanase and endoglu-
canase) by Penicillium janthinellum from waste jute caddies.
International Journal of Recycling of Organic Waste in
Agriculture 1: 13.
Laxmi, G.S., U. Rajeswari, and R.S. Prakasham. 2012. Biosynthesis
of xylobiose: a strategic way to enrich the value of oil palm
empty fruit bunch fiber. Journal of Microbiology and Biotech-
nology 22(8): 1084.
Laxmi, G.S., T. Sathish, Ch. Subba Rao, P. Brahmaiah, M.
Hymavathi, and R.S. Prakasham. 2008. Palm fiber as novel
substrate for enhanced xylanase production by isolated Asper-
gillus sp. RSP-6. Current Trends in Biotechnology and Phar-
macy 2(3): 447–455.
Maheswari, M.U., and T.S. Chandra. 2000. Production and potential
applications of a xylanase from a new strain. World Journal of
Microbiology & Biotechnology 16: 257–263.
Motta, F.L., C.C.P. Andrade, and M.H.A. Santana. 2013. A review of
xylanase production by the fermentation of xylan: Classification,
characterization and applications, sustainable degradation of
lignocellulosic biomass-techniques, applications and commer-
cialization. InTech. doi:10.5772/53544.
Ninawe, S., and R.C. Kuhad. 2005. Use of xylan-rich cost effective
agro-residues in the production of xylanase by Streptomyces
cyaneus SN32. Journal of Applied Microbiology 99: 1141–
1148.
Prakasham, R.S., ChS Rao, and P.N. Sarma. 2006. Green gram husk:
An inexpensive substrate for alkaline protease production by
Bacillus sp. in solid-state fermentation. Bioresource Technology
97: 1449–1454.
Prakasham, R.S., ChS Rao, R.S. Rao, and P.N. Sarma. 2005. Alkaline
protease production by an isolated Bacillus circulans under
solid-state fermentation using agroindustrial waste: Process
parameters optimization. Biotechnology Progress 21: 1380–
1388.
Prakasham, R.S., ChS Rao, R.S. Rao, and P.N. Sarma. 2007.
Enhancement of acid amylase production by an isolated
Aspergillus awamori. Journal of Applied Microbiology 102:
204–211.
Prakasham, R.S., D. Nagaiah, K.S. Vinutha, A. Uma, T. Chiranjeevi,
A.V. Umakanth, P. Srinivasa Rao, and N. Yan. 2014. Sorghum
biomass: A novel renewable carbon source for industrial
bioproducts. Biofuels 5: 159–174.
Puls, J., and J. Schuseil. 1993. Chemistry of hemicelluloses:
Relationship between hemicellulose structure and enzymes
required for hydrolysis. London: Portland Press.
Rao, ChS, T. Sathish, M. Mahalaxmi, G.S. Laxmi, R.S. Rao, and R.S.
Prakasham. 2008. Modeling and optimization of fermentation
factors for enhancement of alkaline protease production by
isolated Bacillus circulans using feed-forward neural network
and genetic algorithm. Journal of Applied Microbiology 104:
889–898.
Repaske, D.R., and J. Adler. 1981. Change in intracellular pH of
Escherichia coli mediates the chemo tactic response to certain
attractants and repellents. Journal of Bacteriology 145(3): 1196–
1208.
Shojaosadati, S.A., and V. Babaeipour. 2002. Citric acid production
from apple pomace in multilayer packed bed solid-state biore-
actor. Process Biochemistry 37: 909–914.
Sikyta, B. 1983. Development of microbial process. Methods in
Industrial Microbiology p 250–274.
Singh, A., A.B. Abidi, N.S. Darmawal, and A.K. Agarwal. 1991.
Influence of nutritional factors on cellulase production from
natural lignocellulosic residues by Aspergillus niger. Agricul-
tural and Biological Research 7: 19–27.
Sluiter, A., B. Hames, R. Ruiz, C. Scarlata, J. Sluiter, D. Templeton,
and D. Crocker. 2012. LAP- determination of structural carbo-
hydrates and lignin in biomas,Version 08-03-2012, NREL.
Srinivasan, K., and M. Radhakrishnan. 2010. Characterization of
proton production and consumption associated with microbial
metabolism. BMC Biotechnology 10: 2–10.
Suhaib, A.B., A.N. Kamili, and B.A. Ganai. 2012. Identification of
some Aspergillus species isolated from Dal Lake, Kashmir by
traditional approach of morphological observation and culture.
African Journal of Microbiology Research 6(29): 5824–5827.
Teather, R.M., and P.J. WOOD. 1982. Use of Congo Red-Polysac-
charide Interactions in Enumeration and Characterization of
Cellulolytic Bacteria from the Bovine Rumen. Applied and
Environmental Microbiology 43(4): 777–780.
Sugar Tech (Jan-Feb 2016) 18(1):29–38 37
123
Watanabe, T. 2002. Pictorial atlas of soil and seed fungi: Morpholo-
gies of cultured fungi and key to species, Third Edition. Boca
Raton: CRC Press LLC.
Wejse, P.L., K. Ingvorsen, and K.K. Mortensen. 2005. Salinity and
temperature effects on accessibility of soluble and cross-linked
insoluble xylans to endo-xylanases. IUBMB Life 57(11): 761–
763.
Wong, K.K., L.U. Tan, and J.N. Saddler. 1988. multiplicity of b-1, 4-
xylanase in microorganisms: Functions and applications. Micro-
biological Reviews 52: 305–317.
Yuan, Qi-P, J.-D. Wang, H. Zhang, and Z.-M. Qian. 2005. Effect of
tempeprature shift on production of xylanase by Aspergillus
niger. Process Biochemistry 40: 3255–3257.
Yuvraj, R.Kaur, S.K. Uppal, P. Sharma, and H.S. Oberoi. 2013.
Chemical composition of sweet sorghum juice and its com-
parative potential of different fermentation processes for
enhanced ethanol production. Sugar Tech 15(3): 305–310.
38 Sugar Tech (Jan-Feb 2016) 18(1):29–38
123
